Obesity is a world-wide increasing condition classified by a BMI ≥ 30 kg/m 2 that is frequently accompanied by various somatic comorbidities as well as an increased risk for mental comorbidities. Studies show associations of obesity with symptoms of depression, lower quality of life, and higher (perceived) stress compared to the general population. Body image has also been shown to play an important role in eating and weight disorders. The present study therefore aims to contribute to the understanding of the relationship of body image, perceived stress, and symptoms of depression in a morbidly obese population. N = 579 individuals with obesity were included upon presentation at a university clinic. The hypothesized mediating role of perceived stress in the relationship of body image dimensions and symptoms of depression could be confirmed. The results underline the importance of identifying promising stress management techniques and addressing perceived stress e.g. through mindfulness based approaches in the (lifestyle and/or weight) interventions for obesity taking into account the specific stressors of obesity affected individuals such as body image.
INTRODUCTION
The prevalence of obesity has constantly increased in past years (1) . The World Health Organization categorizes the severity of obesity in three classes: Having a body mass index (BMI) between 30 and 34.9 kg/m 2 corresponds to class I obesity, a BMI between 35 and 39.9 as class II obesity, and a BMI ≥40 as class III obesity (2) . Obesity is often accompanied by various somatic comorbidities such as diabetes mellitus, hypertension or fat metabolism disorders (3) . Additionally, there is an increased risk for mental comorbidities such as depression or eating disorders (1) .
In case of the potential comorbidity of depression, the association between obesity and depressive symptoms seems to be of reciprocal nature (4) . There is evidence that symptoms of depression predict the development or maintenance of obesity in the long term (5) . On the other hand, there is evidence that obesity increases the risk for depression (4, 6) . Some studies suggested a linear association between severity of obesity and increased risk of depression and decreased quality of life (7) . Other studies, however, did not replicate this observation and suggested a more complex association (8) . A possible explanation for these incoherent observations is that psychological variables rather than weight alone drive the associations between BMI and depression.
A psychological variable that is closely related to BMI is body image, i.e. the psychological representation of one's body. Body image can be defined as a construct consisting of different components: perception, attitudes, affect, and cognitions about/ toward the size, shape, and form of one's own body (9) (10) (11) . In early literature, it was assumed that obese people might be unaware of their excess body weight and therefore don't take countermeasures to normalize it (12) . The current view is that obese people are more frequently dissatisfied with their bodies compared to normal-weight people, this difference being significantly higher in women compared to men (13) and body dissatisfaction and drive for thinness affect perceived stress in individuals with obesity (14) . Reasons for higher body dissatisfaction in obesity are speculative but may originate from sociocultural factors such as current body ideals, stigmatization, or teasing by others (13) . Somatic comorbidities or consequences of high weight such as restricted mobility and therefore restricted opportunities for social participation may also be of importance. Weight loss has been shown to potentially improve body image (15) . Again, there does not seem to be a linear association between body dissatisfaction and severity of obesity (16) , suggesting a complex modulation that takes other associated variables into account e.g. as a mediator.
One of these variables may be stress. Stress is a concept consisting of two major components: environmental conditions serving as stressors and a person's appraisal of stress (17) . Since personal appraisal has been more in focus (18) , we refer to perceived stress in this manuscript as opposed to e.g. a physiological stress reaction. Recent studies show that increased symptoms of depression and a lower quality of life are associated with higher (perceived) stress in individuals with obesity compared to the general population (7, 19) . Associations between different types of stress (e.g. chronic stress) and higher food intake as well as subsequent weight gain could be shown: Higher stress was associated with higher food intake (20) (21) (22) . A possible explanation for these findings can be increased cortisol levels due to physiological stress reactions that may lead to the selection of more calorie-dense foods and therefore increase food intake (23) . Perceived stress can therefore be seen as a barrier for successful weight management in obesity, potentially contributing to further weight gain (14) . It seems at hand that an association between perceived stress and body image is likely and has been shown for body dissatisfaction and perceived stress in a large sample of adolescent girls (24) . To our knowledge, however, it is so far unknown how body image, perceived stress, and depressive symptoms might interact in the context of weight management.
The present study therefore aims to further investigate the relationships between stress (symptoms of), depression, and body image in a cross-sectional sample of obese individuals. Based on the above reported previous findings, obesity, and depression are related although there might not be a direct linear association. However, body image, a psychological construct closely related to BMI, has been shown to be related to obesity and perceived stress. Taken these findings together, we deem it possible that a negative/ disturbed body image may be a driving factor potentially leading to the development of a comorbidity of depression in patients with obesity and that the risk for developing depressive symptoms might be dependent on the amount of stress these individuals experience. To the best of our knowledge, this has not been tested before. The investigation therefore had the following hypothesis: The relationship of body image with symptoms of depression is mediated by perceived stress in individuals with obesity.
MaTeRIalS aND MeThODS

Sample
Individuals presenting themselves at an interdisciplinary assessment and consultation platform for patients with obesity at a tertiary university clinic were invited to participate in the study over a period of four years. Inclusion criterion was BMI ≥ 30 kg/m 2 , no exclusion criterion applied other than a substantial language barrier.
Measures
The following questionnaires in paper-and-pencil versions were presented to all participants.
Perceived Stress Questionnaire (PSQ-20)
The PSQ-20 is a measure to assess perceived stress during the last four weeks (17, 25) . It consists of 20 items, each scoring on one of the four subscales "worries, " "tension, " "joy, " and "demands. " An overall score describing the overall perceived stress level can be computed. The PSQ overall score is trimmed to range between 0 and 1. Internal consistency of the overall score in the present sample proved to be good with Cronbach's α = .84.
Body Image Questionnaire (BIQ-20)
The BIQ-20 is a measure to assess body image on the two subscales "negative evaluation of the body" (NEB) referring to one's negative attitude toward the own body and "perception of body dynamics" (PBD) referring to ones perception of personal vitality (26) . It comprises a total of 20 items and has been validated within healthy and clinical populations (27, 28) . Internal consistencies in the present sample proved to be good with Cronbach's α = .87 for the NEB scale and α = .82 for the PBD scale.
Patient Health Questionnaire-Section Depression (PHQ-9)
The PHQ-9 section of the Patient Health questionnaire assesses depressive symptoms and their severity with nine items (29) . A sum score between 0 and 4 corresponds to no signs of symptoms of depression, 5 to 9 mild severity of symptoms of depression, 10 to 14 medium severity, 15 to 19 pronounced symptoms of depression and 20 to 27 severe symptoms of depression. Internal consistencies in the present sample proved to be good with Cronbach's α = 88.
Procedure
Individuals were invited to participate in the study consecutively upon presentation at the clinic. They were informed about the study and if they consented to participate, were given the questionnaires und subsequently weighed. Somatic comorbidities were retrieved from the consultation documentation. This study was carried out in accordance with the recommendations of good clinical practice. The protocol was approved by the ethics committee of the medical faculty of the University of Tuebingen (No. 727/2012BO2). All subjects gave written informed consent in accordance with the Declaration of Helsinki.
Statistical analyses
All statistical analyses were performed in IBM SPSS Statistics (version 25). The level of significance for all analyses was set at α = .05. Means, standard deviations, and percentages are reported for sample descriptions. Since most of the variables are not normally distributed, Spearman rho correlations are reported for the associations between variables. The mediation analysis was performed according to the approach by Hayes (30) 
ReSUlTS
A total of N = 663 individuals agreed to participate in the study. After omitting data sets with missing values for one of the investigated measures, n = 579 participants were included in the final analyses.
Descriptive Statistics
For an overview of the descriptive statistics, see Table 1 . Notably, with a mean at the top of the mild severity range, our study sample shows more depressive symptoms compared to the German population norms (M = 3.56, SD = 4.08, 31). This applies to the PSQ-20 overall score and the BIQ subscales as well. The mean scores of NEB and PBD ranged around the 99 th and 14 th -21 st percentile respectively, compared to representative German population norms (27) . The PSQ-20 overall score was also higher than the reference value of M = 0.33 of healthy adults (17) .
Most of the study population classified as class III obesity. This probably results from the clinical setting participants were recruited: Presenting oneself at a university hospital to seek consultation and/or treatment for obesity often implies psychological strain because of the weight status. Psychological strain is more likely for severely obese individuals who experience more comorbidities and possible impairments ( Table 1) .
Correlations
For the complete correlation matrix, see Table 2 . Correlations were found in the expected directions: Perceived stress and depressive symptoms do not correlate with BMI whereas there are significant but small correlations for BMI and both body image dimensions ( Table 2) .
There is also a significant correlation between perceived stress and depressive symptoms. Both constructs are a sort of psychological distress and therefore associated but not the same construct. Stress may increase the risk for developing depressive symptoms.
Mediation Model
The total effects model for NEB and symptoms of depression proved to be significant [F(1,577) = 138.42, p < .001, R 2 = 0.19].
In line with the found correlations, NEB and symptoms of depression are positively associated, indicating that a more NEB is associated with higher symptoms of depression. This relationship explained about 19% of variance in symptoms of depression. The mediation model with perceived stress as the mediator between NEB and symptoms of depression also proved to be significant [F(2,576) = 304.52, p < .001, R 2 = 0.51] indicating a significant mediation. The direct effect of NEB on symptoms of depressions is still a significant pathway, although to a smaller degree (total effects model: b = 0.32, mediation model: b = 0.09). The indirect effect [b = 0.23, (95% BCa CI) (0.19; 0.27)] depicts the influence of NEB on symptoms of depression mediated by perceived stress and proved to be significant. The mediation model explained about 51% of variance (Figure 1) . The mediation analysis for PBD showed similar results. The total effects model proved to be significant [F(1,577) = 159.38, p < .001, R 2 = 0.22] indicating a negative association between the two variables. Hence, a higher perception of one's vitality is associated with less symptoms of depression. The mediation model with perceived stress as a mediator between PBD and symptoms of depression was also significant [F(2,576) = 349.61, p < .001, R 2 = 0.55]. Similar to the first mediation model, the direct effect of PBD on symptoms of depression remained significant but to a smaller degree (total effects model: b = −0.42, mediation model: b = −0.21). The indirect effect proved significant as well [b = −0.21, 95% BCa CI (−0.26; −0.16)]. This mediation model accounted for 55% of variance.
In consideration of potential gender differences in our analysis, we computed the examined correlations and mediation analyses separately for the male and female subgroups. The only difference in correlations was a non-significant correlation for BMI and PBD in the male subgroup. All other correlations corresponded to the correlations of the whole group. The mediation analyses for the male and female subgroup both corresponded to the mediation analysis for the whole group.
DISCUSSION
To the best of our knowledge, this is the first study to explore the mediating role of perceived stress in the relationship of body image dimensions and symptoms of depression in individuals with obesity. We found perceived stress to be a significant mediator for negative dimensions of body image (i.e. negative evaluation of the body) as well as positive body image dimensions (i.e. perception of body dynamics). The mediation model explained a good portion of variance of the relationships of body image dimensions, perceived stress and symptoms of depression in our obese study population.
In line with a review by Schwartz and Brownell (12) , we found a linear association of BMI with the perception of body image dimensions in our study sample. Schwartz and Brownell concluded in their review that this association applies to the whole population of obese individuals and may not apply in subgroups such as obese women seeking weight loss. According to the authors, there was not sufficient evidence to comment on men. Looking only at the male subgroup in our study, linear associations between BMI and body image were significant for the negative dimension of body image (NEB) but not for the positive dimension of body dynamics. We can therefore expand existing research concerning this regard.
With regard to the confirmed mediation model, we found similar results before in individuals with anorexia nervosa for the NEB in a longitudinal design (32) . In this study, because patients underwent treatment at the time of the perceived stress assessment, increased stress could have been a result of gaining weight during treatment. However, this explanation does not seem sufficient since we found similar patterns in obesity. There are similar patterns concerning other aspects of body image between individuals with obesity and with anorexia nervosa as well: Recent studies examining body image in individuals with obesity found evidence that obese individuals are not generally biased in estimating their own body size but cognitive-affective factors are likely to play an important role (33) . Obese children and adolescents did also not differ in their body size estimation from normal weight children and adolescents (34) . To the best of our knowledge, possible common mechanisms have still to be determined. Concerning the treatment of obesity related body image disturbances, studies predominantly show an effect of weight loss and/or lifestyle interventions for the improvement of body image and symptoms of depression (15, 35, 36) . Since long-term weight management in obesity remains difficult (37) , evidence for identifying relevant variables and developing more specialized treatments is essential. The results of our study suggest that two important aspects should be addressed in order to help prevent the development of depressive symptoms: body image at first instance and also perceived stress.
Only few studies so far directly addressed body image in obese individuals in their intervention: Cognitive behavioral body image therapy lead to an improved body image (38) , but did not lead to more improvement in body image when it was added to a weight control program (39) . A pilot study showed an increase in body satisfaction in obese adolescents following a mirror exposure intervention (40) . Given current research on mirror or body exposure interventions in the field of eating and weight disorders, it might be a recommended intervention for individuals with body image disturbances with and without an eating disorder (41) .
In case of perceived stress, successful and specific (body image directed) stress management techniques for obese individuals are missing (22) . From our point of view, mindfulness based strategies seem promising. They encourage a mindfulness, non-judgmental stance toward one's body, include body related exercises (e.g. body scan) and reduce perceived stress (see 42 for a systematic review).
A further consideration for this study would have been subgroup analysis for individuals with a binge eating disorder as it has been indicated before that this population shows especially pronounced body image disturbances (43, 44) . In our sample, about 25% of participants screened positive for binge eating (episodes). However, as it was only a written screening and no structured and standardized assessed diagnosis, we deemed it not valid to make a subgroup analysis but would plan for a standardized clinical assessment in future studies.
Other studies indeed showed associations between binge eating, perceived stress, and symptoms of depression (12) and determined that binge eating patients are a distinct subgroup of the obese population considering these variables. In this study, we could show that these associations might also apply to the whole obese population, at least the severely obese (class III obesity). One might hypothesize that body image is an important aspect in obesity as well as binge eating. Perceived stress could therefore be an important factor deciding if or to what extent e.g. body image dissatisfaction has a negative impact on symptoms of depression in both entities.
There are three specific limitations to our study we want to address. First, it is a cross-sectional study. We therefore cannot deduct causal relationships between the investigated variables. However, considering the big sample size and robust effects, longitudinal validation of the presented associations (e.g. 32 for patients with anorexia nervosa), would be the next step.
Second, the investigated study population may not be representative for all patients with obesity. Due to the recruitment at a specialized unit for obesity at a university clinic, patients were at least seeking consultation (if not treatment) for obesity. Thus, our study population was more likely to be discontent with their weight and wanting to change it (either through bariatric surgery or conservative programs). The mean BMI of our study population reflects this as well: nearly 75% classified as class III obesity. However, somatic causes of obesity (such as hypercortisolism) could not be included as exclusion criterion in the present study, as well as chronic psychotic (e.g. mild delusional symptoms) or personality disorders. This could potentially bias the results. Considering the comparatively low prevalence of these causes and symptoms and our large sample size, such a bias does not seem likely, but could be controlled for in future studies.
Third, we used a measure for body image that operationalizes body image in a broad way on a two-dimensional score. One subscale represents a negative dimension of body image similar to body dissatisfaction and one dimension represents a positive dimension of body image such as body satisfaction or satisfaction with body appearance. Since this was the first study exploring the mediating role of perceived stress, we think this broader defined measure of body image was adequate but would encourage further research to assess more specific aspects of body image. It can help to understand which aspects of body image have the greatest impact on the here examined relations.
Further directions of research on this topic could include the whole weight spectrum from underweight to obesity determining if these findings can be replicated. If these findings cannot be replicated, there might be e.g. a U-shaped association between body image, perceived stress and/or symptoms of depression if the whole weight spectrum is taken into account as shown by Martin-Rodriguez et al. (8) for the association of BMI at baseline and new-onset of depression. In this case, the mediation model confirmed in this study would not be applicable in the normal weight range. This would point at (not-normal-ranged) weight as an important part of the underlying mechanisms of the found results. Subgroup analyses according to a manifested eating disorder would also be beneficial. Additionally, identifying the most promising stress management techniques, incorporating them or e.g. mindfulness based approaches into lifestyle interventions for obesity and verifying its efficacy for the specific target group of individuals with obesity remains an important challenge.
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